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s Fyu and elongation) properties, notched teasile
strengths and notched/unnotched tensile ratios were determined

on five heats of Ti-5A1-2.5 Sa at +78°, -320°, and -423°F,

Oxygen analyses of the five heats were .09, .11, .15, .17 and
The date obtained show an incrcase in tensile .
and yield sirengths at all testing temperatures with an increase  °
/,%n oxygen content,
ur the .24%
15 elongation.
\be‘upila strength ratics indicate
EPT 1965%4n of the heats at +78% and -320°F. At ~423%F those hests
15% axygen were tough, the heat containing
N LEWIS RESEARCH CERTER /0415% oxygen began to show embrittlement due to oxygen, while

heats with increasing oxygen contents were progrescively more
s brittle.
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SUBJECT: Determination of the Effect of Oxygen Content on the Mechanical
Properties of Titanium - 5 Al~2.5 Sn Alloy At Room and
Cryogenic Temperatures.

Elongations remained nearly constant except

It is recommended that the oxygem content of the

0 heat at -423°F which exhibited a sherp decrease
Notched tensile strengths and notched/unnotched
high degree of toughness for

Ti=-5A1~2.5 Sn Alloy be limited to & maximm of 0.12% in order to

i insure sdequate toughness for structural applications at liquid
! hydrogen temperature (-i23°F),
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SUBJECTs Determinstion of the Effect of Oxygen Content on the Mechanical
Properties of Titanium - 5 Al<2.5 Sn Alloy at Room and
Cryogenic Temperatures,

INTRCDUCTION

The mechanical properties of a large number of titanium alloys have been
determined and have been presented in Reports Nes., MRG-189, MRG=213,
MRG=R45, MRG=249, and MRG=262, Of the alleys investigated the Ti~5Al-2.5 Sn
elloy showed the most promise for sttuctural applications at ~423%, It
was noted, however, that some heats were appreciably tougher than other
heats at extreme sub-gzerc temperatures. It wes felt that the interstitiel
elements (C, Oy, Hy and N,) were responsible for the varistions in toughress

from cne heat to another. The present investigation was made to determine
the effect of oxygen content (from 0.09 to 0.2, weight per cent) upon the
tena%lFe properties and toughness of the Tie5Al~2.5 Sn alloy at 78, =320 and
~42

MATERIALS

Five heats of Ti-5Al«2.5 Sn alloy containing various amounts of oxygen were
supplied by the Titanium Metals Corporaticn of America., The material was
furnished in the form of laboratory rolled sieet 8% x 12" to 16" in sige
and thicknesses in the range of 0.038" to 0.0{3®., Chemical analyses and
some mechanical property dats as supplied by Titanium Metals Corporation of
Americu are given in Table 1, Except for the iren in heat V-1670, the A1,
Sn, Fe, C, N, and wers held at nearly the sames level in all five heats,
i The mmterisl wss teSted in the "as received® (milleannesled) conditioa.

PROCEDURE

Blanks for tensile specimens, 9" x 1", were identified and sheared parailsl
to the directior of rolling (all specimens tested were longitudinal),
Smooth specimens were machined per drawing EMG=D-1 and notched specimens per
drawing MRG=D-10, Rotch ®"A", The notched specimens were inspected and
notch radii and width between notches measured by an optical comparator.
Tests were performed at +78°F (room temperature), -320°F (immersicn in

| 11quid nitrogen) and ~423°F (immersion in 1iquid hydrogem). Strain

|  messurements vere made by use of extensometers. Strain rates were 0,001%/s/
min. up to the 0.2% offset yield point and 0.15%/min. from yleld until
fracture. Elongations are reported as the total elongation over a 2" gsuge
length,
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BESULTS AND DISCUSSION

The mechanical properties of the five heats of Ti-S5Al-2.5 Sn alloy at
+78%, «320° and -423°F are reported in Table II. As has been previously
experfienced, the yield and tensile strengths increase about 100§ upon

| reducing the test temperature from +78° to «~423%, The test temperature

! appears to have little effect upon the elongation except for the high

i (0.24%) oxygen heat (V=1671), where the elongation was severely decreased
| from =320°PF to -423°F. The yield and tensile strengths generally increase
. with increase in oxygen content, which would be sxpected.

The toughness of the Ti=-541-2.5 Sn, as evaluated by notched tensile
strengths and notched/unnotched tensile strength ratios, is definitely
affected by the oxyzen ceontent. The notched tensile strength continuously
increases with reduction in test temperature for those heats conteining

0.09 and 0.11% axygen (heats V-1699 and V=-1668), while the heat contalning

| 0.15% oxygen (heat V=1669) shows only a very slight increase in netched
tensile strength betwsen -320°F and =423°F, The heats containing 0.17 and
0.24% oxygen (heats V=1670 and V-1671) show & significant decreage in

| notohed tensile strength as the temperature is reduced from -320°F te =423°F.

! Tough, crackeresistant metals show & continuous increase in both asmooth and
, notched tengile strength with decreasing temperature of test. The change

in potched tensile teat with decreasing temperature, as well as the notched/
unnotched tensile strength retio, may therefore be taken as an index of
brittle fracture tendency. The net change in notched tensile streagth
between =320°F and «(23°F for ell heats is pletted against oxygen content in
Figure 1., It is seen that at oxygen levels of 0.09 end 0.11%, the notched
tensile strength incresses approximately 25,000 pei from ~3200F to =423%F.
it an oxygen level of 0.15%, the incresse in notched tensile strength is ;
only 3,000 psi between these two temperatures, while at 0,17 and 0.24% ki
oxygen, the notched tensile strength decreases 18,000 and 40,000 psi P
respectively between «3209F and -423%F, The asmooth curve through these j
points definitely justifies the 0.12% maximum 1imit which has been placed upon'
the oxygen content in General Dynamies/Astronautics Specification No. 0-71010.°

The effect of oxygen content upon the notched/unnotched tensile strength
ratios at the various test temperatures is showm below:

Oxygen Notched/ Tensile Strength (Longitudinal
Content Unnctghed Ratio tests) ‘
Wt, Porcent +78°¢ =320°F =423°F |
.09 1.34 125 1.14 !
«11 1.38 1.27 1.10 '
15 1.35 1.24 1.02 |
«17 1.36 1.23 0.91 ;
0.78 ;

o24 140 117




RepoRT G 256
CONVAIR ASTRONAUTICS ’ Pact_ b

’ 20 Cetober 1961

KESULTS AND DISCUSSION (continued)

The above data show that oxygen content over the range of 0.09 to 0,24%
does not influence the room temperature toughness of the 5A1-2.5 8n-Ti
elloy, ae evaluated bty means of a notched tensile specimen having a stress
concentration factor, Ky, of 6.3. The same test when performed at -320°F
. begins to show some degradation in toughness at an oxygen level of 0.24(%

. while at -423OF, the notched/unnotched tensile strength drops to unity at

an oxygen level of 0.15% and is significantly reduced st higher oxygen
contents,

i DPased upon the results obtained, it i{s concluded that the spesification for
5A1-2.5 Sp-T1 alloy sheet to be used for liquid hydrogen temperature
applications should limit the oxygen content to a maximum of 0,12% in
order to assure adequate toughness for such applieations,

| SUMMARY :

1. Yield and tensile strengths of the Ti-5A1~2.,5 Sn alloy increase about
1008 with decrease in test temperature from 78°F to -423°F,

2. Elongation is only slightly affected by deecrease in temp, except for
the high oxygen (0.2{%) bearing heag; The elongation of this heat is
sharply reduced from -320°F to ~423°F.

3. ' The toughness of the Ti-5A1-2,5 Sn alloy, as determined by notched
tensile data and notched/unnotched tensile ratics, is definitely
affected by incrcase of oxygen.

4o It is recommended that the 02 content be limited to 0,10 to 0,128
(0.15% maxisum) in order to issure adequate toughness at -423#!,
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